-1- DEVICE CLAMP FOR REDUCING OXIDATION IN WIRE BONDING CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application claims the benefit of U.S. Provisional Application
No. 60/747,214, filed May 15, 2006, the contents of which are incorporated herein by reference.
FIELD OF THE INVENTION [0002] The present invention relates to wire bonding of semiconductor
devices, and more particularly, to providing a cover gas to the bond site area of a wire bonding
machine. BACKGROUND OF THE INVENTION [0003] In the manufacturer of various semiconductor

devices, wire bondin i r in.t ' (e.g., die to
ER‘?(?E‘E' eﬁ%ﬁ? . ,
substrate/leadframe %on |ng;8 géiﬁ? (ﬁég Eon |ng€£i%. . For g‘(ﬁﬁpﬁﬁ%%ﬂ%@%ﬁa&%ﬁwe loops) are
often used to provide electrical interconnection between (1) die pads of a semiconductor die and (2)
contacts (e.g., leads) of a subsﬁ%?es(c‘;éﬁg,‘:gagggﬁgrﬁegﬁb%%ﬁ%’f%&%@@ﬁ%onductor die is mounted.

An exemplary conventional wire bonding operation involves (1) bonding a first bond to a first bonding
location on 44883k g., usihy BARGHAM GRS Srebrit M StdiRrF el ARl sBirtintPlocation on
a leadframe0(@pBoticingithienend i, thecextendeathvenestof tivb is cordriaonshngt daciadiam @nd (4) cutting
the wire. In sugh.hall bonding, an electronic flame off (i.e., EFO) wand or the like is typically used to
form a "ball" (aka a free air ball) at the end of the wire. [0004] Often, gold wire (which is substantially

non-reactive with oxygen) is used in wire,_ﬁgﬂglieg pracassSeRhgever. In certain applications, more
reactive metals (e.g., copper, silver, palladium, aluminum, etc.) are used. These more reactive metals

may react, Eor example, in the presence of oxygen and form oxides/oxidation on the wires (and/or
wire ends of PEIRF which 2% HERSNNECRNIARIFE BB diA Y TE RN R SN SR SR 858 dation,
certain wiredswhalintg Hastéanieihctelereuibiystenty doupsdviding o oo viiegasaefireve el iofraliwire during
formation oftaeHadl,

BACKGROUND QOF THE INVENTION

[0003] In the manufacturer of various semiconductor devices, wire bonding
techniques are often used to connect componenis in the devices {e.qg., die to
substrate/leadframe bonding; die to die bonding, etc.). For example, wire bonds {(aka
wire loops) are often used to provide electrical interconnection between (1) die pads of
a semiconductor die and (2) contacts (e.g., leads) of a substrate (e.g., a leadframe)
upon which the semiconductor die is mounted. An exemplary conventional wire
bonding operation involves (1) bonding a first bond to a first bonding location on a die
(e.g., using ball bonding), (2) extending a wire toward a second bonding location on a
leadframe, (3) bonding the end of the extended wire to the second bonding location,
and (4) cutting the wire. In such bail bonding, an electronic flame off (i.e., EFO) wand

or the like is typically used to form a “ball” (aka a free air bail) at the end of the wire,

[0004] Often, gold wire (which is substantially non-reactive with oxygen) is used
in wire bonding processes; however, in certain applications, more reactive metals (e.g.,
copper, silver, palladium, aluminum, etc.) are used. These more reactive metals may
react, for example, in the presence of oxygen and form oxides/oxidation on the wires

(and/or wire ends or tails} which are undesirable for wire bonding.

[0005] In view of such potential oxidation, certain wire bonding systems include
subsystems for providing a cover gas to the end of a wire during formation of the bal!
by the EFO wand. For example, U.S. Patent No. 6,234,376, which is incorporated by
reference in its entirety, discloses such a system. Unfortunately, such cover gas
subsystems do not protect the entire wire (or the entire duration of the wire bonding



by the EFO wand. For example, U.S. Patent No. 6,234,376, which is incorporated by reference in its
entirety, discloses such a system. Unfortunately, such cover gas subsystems do not protect the entire
wire (or the entire duration of the wire bonding -2- process) from potential oxidation, and as such,
oxidation problems in wire looping with reactive megals still exists. [0006] Other attempts at reducing
oxidation in the processing of semiconductor devices include U.S. Patent Nos. 5,265,788 (titled
"Bonding Machine with Oxidation Preventive Means"); 6,866,182 (titled "Apparatus and Method to
Prevent Oxidation qf Electr(e ? ew%e%g and 7,182,793 %n%ed Sé m for Reducijng Oxidation of

3 7 aHog &

Electronic Daces™) CEHRSOF ReRa @M e Ashar E%E‘erﬁ E"ﬁsdgﬁ"ﬁrﬁc&? Rt Bther
devices in offR¢itBerEtRial ! soristsial for oxidation; however, such systems tend to be complex and
may be costly as additional components are added to the wire bonding system. [0007] Thus, it would
be desirabld @9@@lide a Pidioat@mbepparatisifoy cedating ioxidatoocks it diording8UHMEVARY
OF THE INVENZ4ONJRAe8), éwgfemgv% ay, %grﬁﬁéa(vmb%@mm ﬂfamﬁreraﬁﬁnbmsayﬂn a
device cIamB confwre&? for géaivgv re r% machmeﬂg Béotwde he device clamp includes
a body portioh defining a?tafea t SHe ghafur HoP e 'T8gstf)d)ﬁ8\’§é\9|8é“aﬁté%?§s is
configured t%'%@rﬁﬁS@tB@\‘é@?éﬂjaééﬁt7all§é’na9§tét'§ﬁ§%f‘§fs/9&ﬁ?@v\fﬁe Reshuding Peidatien The body portion
includes an Bnetraart Devreetying@ tudofpRLE GRE/SHRHNA SRS Ge 8 ERYRP GRSHHRRYYIGIUICE
such as gasJHRIBehar i e INs.Pesticpation delioss a AR OS0! BO11'g e ol least

one device aperture. [0009] Accor |ng to ano er exempiary embodiment of the present ?’nventlon a
wire bondin{ERhERRR 58 BR | FRY RArEA5EM AR G FRETRE SACIRARE S ARk dRd F@rt%}fiﬁértlng
devices to beoprinegssetkby the wire bonding machine. The wire bonding machine also includes a
device clamp configured to clamp the devices to be processed.

[0007] Thus, it would be desirable to provide a method and apparatus for

reducing oxidation in wire bonding.
SUMMARY OF THE INVENTION

[0008] According to an exemplary embodiment of the present invention, a
device clamp configured for use with a wire bonding machine is provided. The device
clamp includes a body portion defining at least one device aperture. Each of the at
least one device apertures is configured to be positioned adjacent a bond site area of
the wire bonding machine. The body portion includes an inlet port for receiving a fluid
from a gas supply source (e.g., a cover gas supply source such as gas tubing or the
like). The body portion defines a fluid path from the inlet port to the at least one

device aperture.

[0009] According to another exemplary embodiment of the present invention, a
wire bonding machine is provided. The wire bonding machine includes a work table for
supporting devices to be processed by the wire bonding machine. The wire bonding
machine also includes a device clamp configured to clamp the devices to be processed.
The device clamp defines at least one device aperture, Each of the at least one device
apertures is configured to be positioned adjacent a bond site area of the wire bonding
machine, The device clamp includes an inlet port for receiving a fluid from a gas supply
source (e.g., a cover gas). The device clamp defines a fluid path from the inlet port to
the at least one device aperture.

[0010] According to yet another exemplary embodiment of the present
invention, a method of providing a fluid (e.g., a cover gas) to a bond site area of a wire

bonding machine is provided. The method includes the steps of (1) providing a device



The device clamp defines at least one device aperture. Each of the at least one device apertures is
configured to be positioned adjacent a bond site area of the wire bonding machine. The device clamp
includes an inlet port for receiving a fluid from a gas supply source (e.g., a cover gas). The device
clamp defines a fluid path from the inlet port to the at least one device aperture. [0010] According to
yet another exemplary embodiment of the present invention, a method of providing a fluid (e.g., a
cover gas) to a bond site area of a wire bonding mschine is provided. The method includes the steps
of (1) providing a device 3 clamp configured to clamp a semiconductor device to be processed, the

device clamfp  GBfiARLPHI F8 48 DHERIBRRSPRINAET S5KirDteHe & REastBhe edRica sEHTRes being
configured rheippsitivaedoadjacentthedpand, siteagaef iheuwirehondingrashines Kéhlowing a

fluid, from a supply source, into an inlet port of the device clamp; and (3) flowing the fluid from the
inlet port of?ﬁré 'gé‘\'}fgcgﬁ)eé{é%?n%o §80g aéjﬁalﬁﬁfp E\Ffﬁ t%?é-f?nséﬁe BV SR G L E S SR 8 Gie fluid flows
to the at least)dihmvitayicd uapdrivmea [0 Bup iy ooeraspeatty tHreipkesent inf/emntianypro\idesa wire
bonding sy omprising: [ | f rming wire,bands; and a device clamp including a
body portio%t%ggﬁﬁiinﬁg%nﬁﬁ?%ﬁ%ﬁo ﬁeg\?/?céﬂgﬁgqr%g%%} eogéﬂeo?ﬁ\{lec %g\%nep agr}{eor%grgeg %b%%aaggnfigured to
be positioné§Hgacenttihend Sitalarea sichevretioridingeystam Hisedsodgsportiondimcheding an inlet
port on an ypper surface of the body portion for receiving a fluid from a gas supply source, the body
portion defining a fluid path from the inlet port to the plurality of device apertures, the fluid path
between the inlet port and each of the device apertures being defined inside the body portion of the

device claned@039b] Inaneibesspspeathdherprase Vet grdrevdes\aavissaandingtdpachine
comprising: a work table [3 devices to be processed by the wire bonding machine; and a

ble for sup orti , . . {
device clamip 'Configired t6'¢4 pt?ﬁg %«5 USYRE B HPSeEss&d e GElit & BRmP L idcPa plurality of

device apettorgspeagimofdiveng a plurality of device apertures, each of the device apertures
being configured to be positioned adjacent a bond site area of the wire bonding
system, the body portion including an inlet port on an upper surface of the body
portion for receiving a fiuid from a gas supply source, the body portion defining a
fluid path from the inlet port to the piurality of device apertures, the fluid path
between the iniet port and each of the device apertures being defined inside the

bady portion of the device clamp.

[0010b1 In another aspect, the present invention provides & wire bonding
machine comprising: a work table for supporting devices to be processed by the wire
bonding machine; and a device clamp configured to clamp the devices to be
processed, the device clamp defining a plurality of device apertures, each of the
device apertures being configured to be positioned adjacent a bond site area of the
wire bonding machine, the device clamp inciuding an inlet port on an upper surface
of the device clamp for receiving a fluid from a gas supply source, the device clamp
defining a fluid path from the inlet port to the plurality of device apertures, the fiuid
path between the inlet port and each of the device apertures being defined inside the

body portion of the device ciamp.

BRIEF DESCRIPTION OF THE DRAWINGS
[0ot1] The invention is best understood from the foliowing detailed

description when read in connection with the accompanying drawing. It is



device apertures being configured to be positioned adjacent a bond site area of the wire bonding
machine, the device clamp including an inlet port on an upper surface of the device clamp for
receiving a fluid from a gas supply source, the device clamp defining a fluid path from the inlet port to
the plurality of device apertures, the fluid path between the inlet port and each of the device apertures
being defined inside the body portion of the device clamp. BRIEF DESCRIPTION OF THE
DRAWINGS [0011] The invention is best understoggl from the following detailed description when

read in connectjon with the accompanying drawing. It is 3a emphasized that, according to common
ractice. thE VBB HoARGFo SPIHD AR P8 HACHS SCaTS, AR (EBRTER. teeMSbne of the
various featureraretcarhitiarily@xpandethoaredtce diforetlsitity. bichideddandhe thatwiag are the

following figures; i éxlpiasngett?)%rpree?pc% e Yiew.of 3 device clamp for Lse inawire, gonding system
in accordance with an exemplary embodiment of the present mvenﬁon; EFg. TAS a top Viéw of the
device clanfjgefefig. 1; Fig. 2B is a side cross-sectional view of the device clamp of Frig. 1 taken

along line 28-26 of Fig. 24, Fig;34 i5 2 detailed yiewof aPortionof EigngB&/Qng with other

exemplary components of a wire bonding process; Fig. 3B is a top view of a portion of the device
clamp of Fi§°2AKhFEISBmiBoARRIGIdRVIKED Fi. £X99BI36p FiBROSIE SV BIEni$eRise in a wire
bonding systamtisraccordance with another exemplary embodiment of the present invention; Fig. 4B
is a side cross-sectional view of the device clamp of Fig. 4A taken along line 413-413 of Fig. 4A; Fig.

5A is a top view of a devid® dAMTFIEFLYEYRCA Wi BERumy™P o Fig. 1,

Fig. 2B is a side cross-sectional view of the device clamp of Fig. 1
taken along line 2B-2B of Fig. 2A;

Fig. 3A is a detailed view of a portion of Fig. 2B along with other
exemplary components of a wire bonding process;

Fig. 3B is a top view of a portion of the device clamp of Fig. 2A and a
semiconductor device;

Fig. 4A is & top view of a device clamp for use in a wire bonding
system in accordance with another exempilary embodiment of the present invention;

Fig. 4B is a side cross-sectional view of the device clamp of Fig. 4A
taken along line 4B-4B of Fig. 4A;

Fig. 5A is & top view of a device clamp for use in a wire bonding
system in accordance with another exemplary embodiment of the present invention;

Fig. 5B is a side cross-sectionatl view of the device clamp of Fig. 5A

taken along line 5B-5B of Fig. 5A;



system in accordance with another exemplary embodiment of the present invention; Fig. 5B is a side
cross-sectional view of the device clamp of Fig. 5A taken along line 513-5B of Fig. SA; 4 Fig.6isa
cut-away view of a portion of the device clamp of Fig. 5A taken along line 6-6; and Fig. 7 is a cut-away
view of a portion of another clamp similar to that shown in Fig. 5A and other components of a wire
bonding machine in accordance with an exemplary embodiment of the present invention. DETAILED
DESCRIPTION OF THE INVENTION [0012] United States Patent Nos. 5,205,463, 6,062,462, and
6,156,990, as well as Un'/egggtates Patent Publicaftié)n '\119 20%&0@1 2292, as Wel¥ as U Ated States

: [

Patent Application No. 1 é%g,cféfgt‘g% Wire oné}%g'?gc no ogf’,Véf‘hedcaarfan%é)reir'fJ cotr%‘%er%ted by

reference inARBF BRGrety: PTFL3] According to certain exemplary embodiments of the present
invention, a fluid (e.g., a cover gas such as a gas including nitrogen, argon, etc.) (where the gas may
or may not include a redutiagZissastshaagwiengeg isopriovidédin e veimipysohithetbahdtsite area of

a wire bonditgMaaNing. ERENASRIE cORHRG eI RARMNE. ARREANRRK METRHAY-SHRRINhe fluid

may be providedé;\.t ti}e bon%%i(giemaéeao§tégh_ tpeastecrj3 Ein\%the wire bonding operation there is a reduced

potential for oxidation of the Wires. ependihg upon I%henfﬂ?la'(and temperature) used, there may also
be a reduction of oxide/oxidation already present on the wires, similar to the effect of applying a

reducing gas during formation of AF el Bﬁﬁ.c[%lcfﬂ?ﬁo?%;{ﬁ%ﬁi\é\f%\ﬁﬂr%a wire bonding operation,

after completing a wire loop (and prior to forming the next free air ball) a wire tail (e.g., the end portion

of wire susp8fded from &'BESHIZiP i8S RnkerbbasBjeted i3 oRydeh Hrahenike AcsuRRfy s oritles
forming on thelmite dabh aBesc hzoxitas. Diay tt Lnsd exiedie 1for am dis gvaven i e wikgdaibisdater

formed into & ige.ait bRk, THesRiesen! yaation AAdIRsReRSHEh AslyaliRn By:RIgwing (in certain
exemplary embodiments) a constant supply of cover
incorporated by reference in their entirety.

{6013} According to certain exemplary embodiments of the present invention, a
fluid (e.g., a cover gas such as a gas including nitrogen, argon, etc.) (where the gas
may or may not include a reducing gas such as hydrogen) is provided in the vicinity of
the bond site area of a wire bonding machine. For example, during a wire bonding
operation, a constant supply of the fluid may be provided at the bond site area such
that during the wire bonding operation there is a reduced potential for oxidation of the
wires. Depending upon the fluid (and temperature) used, there may also be a
reduction of oxide/oxidation already present on the wires, similar to the effect of

applying a reducing gas during formation of a free air ball.

[0014] For example, during a wire bonding operation, after completing a wire
loop (and prior to forming the next free air ball) a wire tail (e.g., the end portion of wire
suspended from a capillary tip) may be subjected to oxygen or the like resulting in
oxides forming on the wire tail. Such oxides may be undesirable for bonding, even if
the wire tail is later formed into a free air ball. The present invention addresses such a
situation by providing (in certain exemplary embodiments) a constant supply of cover
gas in the bond site area such that the wire tail is protected from oxidation prior to
formation of the next free air ball. The present invention also heips to protect against
oxidation of the wire (and/or wire ends) during various other phases of the wire
bonding cycle such as, for example, (1) when forming the second bond in the bond site

area, (2) when lowering a formed free air ball to the bond site area, amongst others.

[0015] Fig. 1 illustrates device clamp 100 configured for use with a wire
bonding machine (not shown). As is understood by those skilled in the art, device

clamp 100 may be positioned above a semiconductor device to be wirebonded (e.g., a



gas in the bond site area such that the wire tail is protected from oxidation prior to formation of the
next free air ball. The present invention also helps to protect against oxidation of the wire (and/or wire
ends) during various other phases of the wire bonding cycle such as, for example, (1) when forming
the second bond in the bond site area, (2) when lowering a formed free air ball to the bond site area,
amongst others. [0015] Fig. 1 illustrates device clamp 100 configured for use with a wire bonding
machine (not shown). As is understood by those skilled in the art, device clamp 100 may be

positioned aboye a se icodiigucgtt)irngga/ice tosggswire ogdglg éﬁa%a' a -5- semjiconductor die mounted on
[

a substrate),%@é???hgfa?Wre Bnondlng t%r(’)ﬁ(e.g., 5E pillary) may tﬁweirﬁs%o 6”F9etr?8%etﬁé flire bonding

operation thf6BR YV A5eifad e POFUEHRBE YirdenedicrRRRITC Fdiresaimpuics apertvoerling
machine inclidesesinawik tabliedelgmp bomding: sxdane) Wwheleesesninagdustordeviensée 4.,
semicondu i te - iti -during a wire .bhondin
operation. I:C):g\fﬁ(I%‘deE %:Slé%]n%.l?doglsg ﬂ%ﬁg{cﬁog %ﬁ%@%@gﬁgﬁﬁgﬁgggﬁﬁg c'ége;rr% '%%%lﬁjgn with

respect to tHfeSHEIRYAHIE A0THETHEGH S BHramts o pEr AR ARt dsH 9d SRR BYABSe skilled in the
art, a heat bteekadicoth&ehisatirigreteiort mesdibe qirovidesas gart ot dhewodutatieléthecbomding
EurfaceI bel%ﬂe&ﬂplﬁsalaffgaéaoaldgh@wgﬂgéb% desi hh@%}i@hﬁegé’%?g\%iﬁ@;gesﬂir:ﬁsogea[guotn- [?016]

xemplary device cla includes a ortion (wherej ody portion is the main structure
of device clgrrﬁop‘)N To %ﬁl% g é@ﬁ%‘g‘é‘ %e(ﬁég’, %/eﬁ??}e%v!f?:(\efg gﬁgFgffeEefﬁ'f%vﬁﬁW%%’Haﬁr?gd in 5 rows

(each row defi§eas Bparfirds vorkdaplardtbe Byretossstidrbdielop dpvibE e 18Ry tsumber of
apertures mayndedefinecsiradhe:sievice ckuanprire amnemrfigusadigsnwithin the scope of the present
invention. Clamp 100 includes upper surface 100a which is on the top side of clamp 100 (the lower

surface of clapRe{00, whislLisfakshevesinikigs Lols iaisally Pasiliopediadiasanta beabblgck and/or

the WOFK tablce) ﬂ;th,% i{reenl%)qindip mac.hip ?j Clamp 100 also includes two fluid connectors 104 Which
are conﬁgur%ﬁo%e connecte {g FHGi§ § s %'gm%el?g.gg‘.’:”%{%hgegﬁlﬁfﬁlf/%&b?cetgﬁ):ﬂ%i’écﬁ gas line
or gas tubing)etEssh}2 which are defined in 5 rows (each row defining two apertures 102

separated by cross member 102a). Of course, any number of apertures may be defined

in the device clamp in any configuration within the scope of the present invention.

Clamp 100 includes upper surface 100a which is on the top side of clamp 100 (the

lower surface of clamp 100, which is not shown in Fig. 1, is typically positioned

adjacent a heat block and/or the work table of the wire bonding machine). Clamp 100

also includes two fluid connectors 104 which are configured to be connected to a fluid

supply source (e.g., a gas supply source such as a gas line or gas tubing). Gas that

enters connectors 104 travels through pathways internal to clamp 100 to exit openings

106 at the bond site area corresponding to each aperture 102.

[00417] Referring now to Fig. 2A, a top view of clamp 100 is provided, with
connectors 104 removed to illustrate inlet ports 104a (i.e., apertures/openings 104a).
In this exemplary embodiment, inlet ports 104a are on the top surface of clamp 100
such that making connections to the inlet ports 104a (e.g., to connect gas supply
lines/sources to the inlet port connectors) is easily facilitated. Further, by inlet ports
104a being away from the device apertures 102 (i.e., in the exemplary embodiment
ilfustrated in Fig. 2A, the inlet ports 104a are provided on either side of clamp 100, on
the outer “stepped” portions of the device clamp which include the mounting apertures
108/110), connections from a gas supply source to the inlet ports 104a tends to not
interfere with the wire bonding operation and associated components.

[0018] Apertures 108/110 (e.g., mounting/alignment apertures 108/110) are
also shown in Fig. 2A (as viewed from Fig. 2B apertures 108/110 are defined at each of

the outer stepped regions of clamp 100, in contrast to the larger central portion of



enters connectors 104 travels through pathways internal to clamp 100 to exit openings 106 at the
bond site area corresponding to each aperture 102. [0017] Referring now to Fig. 2A, a top view of
clamp 100 is provided, with connectors 104 removed to illustrate inlet ports 104a (i.e.,
apertures/openings 104a). In this exemplary embogdiment, inlet ports 104a are on the top surface of
clamp 100 such that making connections to the inlet ports 104a (e.g., to connect gas supply
lines/sources to the inlet port connectors) is easily facilitated. Further, by inlet ports 104a being away

from the device aperfures 102 (i.e., in the exemplary embodiment illustrated in Fig. 2A, the inlet ports
104a are prg{ﬂajégdléré &l l(éiLr‘ éﬁ(}g%?rcﬁgﬂﬁbtﬁﬁﬁf%?eﬁwg SRSkt BEPBEIATE BF3RPERVIEE clamp
which includ&ahemément vpeiiived FEesAL0)acunmeetioRssrdwt @uassstipply $60rdedodhe inlet

ports 104a temetspernob4atesiese widhdhe puitie dBaneingRpotaondesth assaqiated COmRAYRNRe[0018]
ppertures “GRII10 {80 ManaInalplignment pRENNIF R OB Q) 8. A2 FRURRIR, 2 fas viewed
from Fig. 2B apertures 108/110 are defined at each of the Qu{er stepped regions of clarmp b\ 6, in
contrast to tRRGIRfPRERHANPEREEA R ECRIGRPPLEI WhRSH RN GRE tishherditegpashitionR). Inlet
ports 104a axexwpenirgsitthtiiaredbmentve poontstbé gasrinta:alarpslfetas hahentensaiane 100

through inlef-BaretIaave s RlgnRo-APatHie2 w%v&&%@i&%s&é%%ﬂ%@%%iﬁe area

is adjacent the area defined @f each of the device apertures for performing a wire bonding operation

when a devic€ r&ar%\ﬂcl% fiY %r(g fi nooFPS W]?"écﬁﬁﬂi]% machine). In accordance with the present

invention, there are numerous potential paths that may be provided between (1) the one or more inlet

ports of a dd@@&Hamp aRETE) HHe3gAD SP e A\l A fétttes FIXE HAAHS A iofodad]
Referring adaimteatttecfxamplieirpbits P24 gasdlovrrpatas dikeypromidacfitagdeartz abthresiriet ports

104ato a cqragwm@wem%qﬁg%%\d?%@@agg%hiéa%,dgeékﬁﬁwxacaﬁxigﬁe%ggg@)%&’%%ore

specifically, gas fl aths are provided from_each of the two inlet ports 104a to fi the device
agertures 1895C§e ?I’:%g BV L 8008 ReE ey irerg e PR 5 atOh 4EBRRS SRS Y hand inlet

port 104a clamp 100. As viewed from Fig. 2A, gas that enters the left hand inlet port 104a
travels along length 110a, and then to length 110b. From length 110b, five relatively
short lengths (i.e., 110c1, 110c2, 110c3, 110c4, and 110c5) are defined for gas flow to
each of the five left hand device apertures 102. Each of the lengths 110c1, 110c2,
110c3, 110c4, and 110c5 terminates at a respective exit opening 106 at a
corresponding device aperture 102 (see, for example, Figs. 2B and 3A). Likewise, gas
that enters the right hand inlet port 104a travels along length 120a, and then to length
120b. From length 120b, five relatively short lengths (i.e., 120c1, 120c2, 120c3,
120c4, and 120c¢5) are defined for gas flow to each of the five right hand device
apertures 102. Each of the lengths 120c1, 120¢2, 120c¢3, 120c¢4, and 120c5 terminates

at a respective exit opening 106 at a corresponding device aperture 102.

[0020] Thus, a path internal to the body portion of device clamp 100 is defined
between each of inlet port 104a and a corresponding device aperture 102. By providing
the entire path from the gas source entering at inlet port 104a to the respective bond
site area entirely within device clamp 100, a clearly defined path for fluid is provided,
where said fluid will not undesirably flow to other areas. Further still, fluid (and fluid

pressure) can be saved because of the path being internal to the device clamp.

[0021] One exemplary path from the left hand inlet port 104a to the top left
hand device aperture 102 (as viewed in Fig. 2A} starts at inlet port 104a, extends along
length 110a, turns upward to length 110b ("upward” as shown in Fig. 2A, but of course
being a relative term), turns right along length 110c1 (“right” as shown in Fig. 2A, but
of course being a relfative term), and terminates at opening 106 at the top left hand

device aperture 102.



travels along length 110a, and then to length 110b. From length 110b, five relatively short lengths
(i.e., 110cl, 110c2, 110c3, 110c4, and 110c5) are defined for gas flow to each of the five left hand
device apertures 102. Each of the lengths 110c1, 110c2, 110c3, 110c4, and 110c5 terminates at a
respective exit opening 106 at a corresponding device aperture 102 (see, for example, Figs. 2B and
3A). Likewise, gas that enters the right hand inlet port 104a travels along length 120a, and then to
length 120b. From length 120b, five relatively short lengths (i.e., 120cl, 120c2, 120c3, 120c4, and
120c5) are defined for gag, flow to each of the five right hand deV|ce é)ertures 102. Each of the

lengths 120612%2dc2, 12083 2HESEEF U8 1EPRTIRAREE A A RYSSEARVE R HRBHAIY 106 at a
correspondivigwéltictase rcoves102nfoeR0P Fhn(slsa pathyinterfigl to) thedbodly qemtion 1 8éviEgitlamp

100 is definggeMebyuerss eaaarfRIP R4 AR w&ewgieg SRVisR ARRERIIN a By Providing
the entire patn ftrom {{L%ngs sou ge entenn %%lnletﬁp éo4a to the re%gec lve bond 5|te area entirely

within device c?amp ac ear deflnea fOr s rb\sll%\g “Where Said b c?wﬁ not

undesirably FRH Y8 BRERSTIRAS. %r@%ﬁ@‘ﬂl"ﬂﬁda@&ﬁ&?hﬂﬂ fﬁesf@areﬁ darigseckrvad Bédadydiog the
path being iapespatdo the/device. glampij0634] One @xemplatyeathdtomniie eihangd inlet port 104a

to the top Iegemncheglge &gegu% Jrggh@ﬁnv;ﬁv,y%d i, Fig. 2A) starts at inlet port 1043, extends along
length 110a, turns upward to Iength 110b ("upward" as shown in Fig. 2A, but of course being a

relative ter s right alon en th 110c¢1 (“right" as shown in Fig..2A, but of co elnga
m)oéli Bigngength L0 %H 9198 %-21

relative ternt), an terminates a openlngaf 6a at{e Ft?"r%lnd aewce apert%“re -7- [0022] Fig.

2B illustrates'®Bide rdsd S@tiBRalI \i8G ode%v?d’eEﬁFé’rﬁbliUQF%Y@f (FiegvanestPiRes CroPsRsermber
102a (also siiavwniria fogdoand st opsnings A4yt ampenibgstoGyd(ehyleaskiramersesponding
bond site ar%asr&ﬁ@m&é@&@%9‘%%\!&'&%@6%‘9%58%%" tBS\)‘cé‘)&'%ﬁthh e bonder;

however, this designation Is a relative expression. Fig. 2B also illustrates other eatures of device
clamp 100 ifEMY  HhEHRIEE EGEIT F Y iotint R RiganteRt iRHuASSIF ARGURIREERSMp lip 112.

skilled in the art, a wire that is engaged in capillary 300 is used to form wire loops that
extend between two bonding locations (e.g., a die pad on semiconductor die 302 and a
contact/lead of substrate 306). As is also known to those skilled in the art, device
clamp 100 is used to clamp (secure) substrate 306 (to which semiconductor die 302 is
mounted) to a bond plane (e.qg., a work table) of a wire bonding machine. Further, a
heating element (e.g., a heat block) may be included in the work table of the wire

bonding machine.

[0624] Fig. 3B is a top view of a portion of device clamp 100 showing two
apertures 102. Further, semiconductor die 302, a portion of substrate 306, and wire
loops 304 (that provide electrical interconnection between semiconductor die 302 and
substrate 306) are illustrated through the left hand device aperture 102.

[0025] Referring now to Fig. 4A, a top view of another exemplary device clamp
400 is provided, with connectors (e.g., connectors similar to connectors 104 shown in
Fig. 1) removed to illustrate inlet ports 404a (i.e., apertures/openings 404a). Inlet
ports 404a are openings that are the entry points of gas into clamp 400. Gas that
enters clamp 400 through inlet ports 404a travels along a path to a respective bond
site area (where the bond site area is adjacent the area defined by each of the device
apertures for performing a wire bonding operation when a device clamp is in position on
a wire bonding machine).

[06026] Gas flow paths are provided from each of the inlet ports 404a to a
corresponding portion of the device apertures 402 defined by device clamp 400. More

specifically, gas flow paths are provided from each of the two inlet ports 404a to five of



Detail "Fig. 3A" of Fig. 2B is shown in Fig. 3A. [0023] Fig. 3A more clearly illustrates exit openings 106,
as well as lengths 110b, 110c1, 120b, and 120cl. Fig. 3A also illustrates various exemplary
components of a wire bonding process including capillary 300, substrate 306 (e.g., leadframe 306),
and semiconductor die 302 mounted to substrate 3¢6. Device clamp lip 112 is in contact with
substrate 306 during the wire bonding operation. As is known to those skilled in the art, a wire that is
engaged in capillary 300 is used to form wire loops that extend between two bonding locations (e.g., a
die pad on semiconductor die 302 and a contact/lead of substrate 306). As is also known to those

skilled in the M AREeREPRIEHR 107 idiaed Y davire €aBiRe Wib4s atie e emRirh*éerdfsonductor
die 302 is nhicaintethrtotheblefidhplanén(et pod Wotk tablelsaflangiterigohdihgamaatittenFurtzeh, of

heating elemgnfi(R-@1db heat block) My, be shaluded in dhe werialie.efithe wite Readingmachine.
[0024] Fig. ?ia (%g tgg) YIeW of 3 P&ggc%n ofige%/lce cl_girrré 100i \;showltr%two ag rtures 102. I_:urther,
semiconductor di€ 9 a’p?gr ion 0 su%rsr?ra?ee\fo%t, ARRrS I%(%’s ﬁrt'fP'Pat §P09Foae electrical
interconnecfidi$RPRIEEH saWicd ABaCIHIRHE BoEan®r sestRin 86 )k ililktrdsed ansdhgh the left
hand deviceapegure 198t [Q2b]Refpringmentio g athaadagiriancel anatherexemplagy device

clamp 400 'aérpg&@%%bwitﬁm%ﬂeﬁ%,(%9053919'39804%%_%!mﬂ%rﬁf?pnﬁnﬁe%t {ﬁsl%ofgg%%%éi;gé D

removed to illustrate inlet’ports 404a (i.€', apertures/openings 404a). Inlet” ports
that are the &R p6rRE b s 1AL eILFHP ROESEAS HREP SR SUBAREADG 6 W Hinlet ports 404a

travels alongcarpsphlrtdiag dspetimecbiond 4ite area (where the bond site area is adjacent the area
defined by each of the device apertures for performing a wire bonding operation when a device clamp

is in positior@e2awire bomdikgrpaehinedri@0esitean Howdraids eradvievideshamoeacphibe inlet
ports 4042 19:8,6ofe3pPArNG.PRAIeA ALING dVize apeiiiies 425delRed. Y deyice,clamp 400. More
specifically, gas flow paths are provided from each of the two-inlet por a to five of -8-

exemplary path from the left hand inlet port 404a to the top left hand device aperture

402 (as viewed in Fig. 4A) starts at inlet port 404a, extends along length 410a, turns

right along length 410b1 (“right” as shown in Fig. 4A, but of course being a relative

term), and terminates at opening 406 at the top left hand device aperture 102.

[00628] Fig. 4B illustrates a side cross sectional view of device clamp 400. This
view illustrates cross member 402a, exit openings 406, a portion of length 4103, length
410b1, a portion of length 420a, and fength 420b1. Exit openings 406 which lead to a
corresponding bond site area are shown extending along what may be termed the x-
axis of the wire bonder; however, this designation is a relative expression. Figs. 4A-4B
also illustrate apertures 408/410 (e.g., mounting/alignment apertures 408/410), and
Fig. 4B illustrates device clamp lip 412.

[0029] Referring now to Fig. 5A, a top view of another exemplary device clamp
500 is provided, with connectors (e.g., connectors similar to connectors 104 shown in
Fig. 1) removed to illustrate inlet ports 504a (i.e., apertures/openings 504a). Inlet
ports 504a are openings that are the entry points of gas into ciamp 500. Gas that
enters clamp 500 through inlet port 504a travels along a path to a respective bond site
area {where the bond site area is adjacent the area defined by each of the device
apertures for performing a wire bonding operation when a device clamp is in position on

a wire bonding machine).

[0030] Gas flow paths are provided from each of the inlet ports 504a to a portion
of the device apertures 502 defined by device clamp 500. More specifically, gas flow

paths are provided from each of the two inlet ports 504a to five of the device apertures
502 defined by device clamp 500. As viewed from Fig. 5A, gas that enters the left hand



the device apertures 402 defined by device clamp 400. As viewed from Fig. 4A, gas that enters the
left hand inlet port 404a travels along length 410a, and then to each of lengths 410bl, 410b2, 410b3,
410b4, and 410b5. Each of the lengths 410b1, 410b2, 410b3, 410b4, and 410b5 terminates at a
respective exit opening 406 at a corresponding device aperture 402 (see, for example, Fig. 413).
Likewise, gas that enters the right hand inlet port 404a travels along length 420a, and then to each of
lengths 420bl, 420b2, 420b3, 420b4, and 420b5. Each of the lengths 420b1, 4202, 420b3, 420b4, and

420b5 termin:iltes at aF Bespective egit ogeninﬂ 406 at a c%rresfgonding device ag?rture 402. [0027]
0

Thus, apatllnnlﬁtte?ﬁgi f’ﬁetrt%’a{? 6%8 E ey \ﬁ&g%lgﬂﬁ)t 68 1 GafR&S 'Betibeett 88Lh DR t port

404a and a ebpledpotilitgatel o periuperdeschOrighese inpliis gath, from e defbiarkd @2t port 404a
to the top lefiuayyd slevice apeduods4QR{asaiewes incbitepdhalagiomt brietparAPdreextends along

length 410a | I n ObJ Cright in Fig, 4A. b co eing.a.yelative
o). and e e I iy SOR S P o AN s oot T Tob2hr kg e
illustrates a $f#2ra<8<bAsharien BrGeVit Eamip 200¢ Tnisevieh/ahriechiBd Wro2s nhempeEr 402a,
exit openingsrfi6s & porkienobiehgtakl Gaecledgihd 4h6wh, ia paytion dfdengthtd20aqand fangth 420b1.

Exit openingsy 405 whigh 183842 & PEASRORHREhBARMLSILE BLRA @R NOVILEXIRNERY Algng what may

be termed the x- axis of the wire bonder; how?ver, this designation is a relative expression. Figs.
4A-413 alsSTTRSRINSLGTRYIEE FRRIAT 105 (SHuURtAEAMGIinES 2Fertures 408/410), and Fig. 4B

illustrates device clamp lip 412. [0029] Referring now to Fi%.aSA, a top view of another exemplary
device clamiP?@®dlis provideidatresihrtfiie(e e st daprsirielirato Edartertsis aeagshown in

Fig. 1) remdwedttoilosiratel itietporeaD4aldre iapE0bre sEqueninsUh4 3R dblstaporse S68la are
openings that arei GRiNeROIISRE IASINIRAIARYs2081 Casdhat ssRiessclamp aNY Bygugh,ilet port

504a travels alori%a path to a respective bond site area (where the bond site area Is adjacent the

area defined By th HFE TR HBRA SIS R ELHERATIG 2WFeP60Rbimy BreranBirnAgica device

clamp is in positté®en Each of the lengths 520cl, 520c2, 520¢3, 520c4, and 520c¢5 terminates at
a respective exit opening 506 at a corresponding device aperture 502 (see, for
example, Fig. 5B).

[0032] Thus, a path internal to the body portion of device clamp 500 is defined
between each of inlet ports 504a and a corresponding device aperture 502, One
exemplary path from the left hand inlet port 504a to the top left hand device aperture
502 (as viewed in Fig. 5A) starts at inlet port 504a, extends along length 510a, turns
right to length 510b1 (“right” as shown in Fig. 5A, but of course being a relative term),
turns down along length 510c1 ("down” as shown in Fig. 5A, but of course being a
relative term), and terminates at exit opening 506 at the top left hand device aperture
502.

[6033] Fig. 5B illustrates a side cross sectional view of device clamp 500, This
view illustrates cross member 502a and exit openings 506. Exit openings 506 which
fead to a corresponding bond site area are shown extending along what may be termed
the y-axis of the wire bonder; however, this designation is a relative expression. Fig.
5B also illustrates connectors 504 (similar to connectors 104 shown in Fig. 1}, Figs.
5A-5B also illustrate apertures 508/510 (e.g., mounting/alignment apertures 508/510),
and Fig. 5B illustrates device clamp lip 512.

[oo34] Fig. 6 is a sectional view of a portion of clamp 500 taken along line 6-6 in
Fig. 5A. The sectional view of Fig. 6 is rotated 90 degrees with respect to the side
sectional view of Fig. 5B. Fig. 6 illustrates exit opening 506, lengths 510c2 and 520c3,
and a portion of lengths 510b2 and 510b3. Exemplary capillary 300 is also shown.



a wire bonding machine). [0030] Gas flow paths are provided from each of the inlet ports 504a to a
portion of the device apertures 502 defined by device clamp 500. More specifically, gas flow paths
are provided from each of the two inlet ports 504a to five of the device apertures 502 defined by
device clamp 500. As viewed from Fig. 5A, gas thatgnters the left hand -9- inlet port 504a travels
along length 510a, and then to each of lengths 510bl, 510b2, 510b3, 510b4, and 510b5. From each of
these lengths (i.e., lengths 510bl, 510b2, 510b3, 510b4, and 510b5) gas travels to a corresponding

one of relatlxe short Iengths 510cl, 51002 510¢3, 510c4, and 510c5 (these Iengths that is, 520cl,
520c2, 52063983c4, an %26é%ae\98§'p?f8r'?8ﬁt¢‘fﬁ %@L@Emgrg%ﬁ‘a‘ﬁﬁﬁa'm'l@ (SRR Gbr
lengths 5106 amdB0cE iredabetetcaekstgwty idldrip BYORkEmes MHerﬁ@msimuaﬁt’sﬂmO@OCS,

(51004} and 5aa%a¢§mmam;@ttﬁdrﬁp%ti@ew SRERAY éO@rw]at 2 ﬁ%fﬂﬁﬂﬁ%@&%gﬁséﬂfﬁ@@%twe |502
see, 10r examplie, k&l IKe as ters,the ri Iniet port a travels a ong
Ieagf gn‘) emlﬁorggj&gﬁa é%%a} Eagémgeig% 9?% %rfd %J ?

length 520a, and then to each of'lengt 7.0 rom "64ch of these
lengths (i.e. Sré?%fﬁgez?zi?oﬁ@mmsz%@osz’cmﬁandﬂsg@mpg@ irfpanead Hsingreapilading ene of
relatively shatt tengtizsa6it by 58062 sbiP@d3nghecst, ansthdaabfifrash afwhadergihs §20rt0520c2,

520c3, 520%@%%?&9@5@%@%&%%@r@ﬁ@%ﬁl&%@&ﬁ%ﬁ%ﬂ%é&@@atp%;g rf%eowg@q@%wce

aperture 502 Eg%ee for example, Fi % hus, a path internal to the body portion of device
clamp 500 i€ d&fh2Y Bé'[Wéietr? Qé%ﬂ% %@f@%@ﬁc’?%%ﬁ%éﬁ&%&% fé‘é”&pfé’ff“?é'%z One
exemplary pétfrésonirthaliéft hahdwiee poft Bodat tdh e 8 lafo i avidct esribet egve ridiz r&02 das vewed

in Fig. 5A) startsiai-iaiet Per-o0da rRxeRgdsaHentheRURS LRawiIMs Jdghtionk %ﬂg%ﬁl@%r(dﬁmt" as

shown in Flg};n 5A1 but of ché% Sér{%%rela |v terrtpe) Eati%gns Plowndalon Ien O}(Ocl (é"'%own as
shown in Fig. %A] But o Eglrse b Yelafive erms ermlnat at ex o‘%ernlng 64t the top

left hand deUIEétéﬁSSF’tu'Fe':'SOQ.'” biock form only (not in an installed configuration on the wire
bonding machine), and are exemplary in nature and provided for illustrative purposes
only. Details of the various wire bonding machine platforms are understood by those
skilled in the art.

[0036] Clamp 700 illustrated in Fig. 7 defines exit openings 706 (analagous to
exit openings 506 in Fig. 6), lengths 710c2 and 710c¢3 (analogous to iengths 510¢2 and
510c3 in Fig. 6), and a portion of lengths 710b2 and 710b3 (analogous to lengths
510b2 and 510b3 in Fig. 6). As illustrated in Fig. 7, gas 714 flows through opening 706
to a corresponding bond site area to reduce the potential for oxidation in the bond site

area.

[06037] The gas flowing to the bond site area may be termed a “cover gas” which
tends to protect against potential oxidation of the wire (and/or wire ends) during the
wire bonding operation. For example, as a free air ball (e.g., free air ball 712 in Fig. 7)
is being bonded (e.g., first bonding) to a semiconductor device (e.g., die 750) cover
gas (e.g., gas 714) reduces potential oxidation in the bond site area. The reduction in
the potential of oxidation in the bond site area applies to various other portions of the
wire bonding cycle, for example, during the paying out of wire, during second bonding,

during formation of free air balls, during the looping process, etc.

[0038] The flow of cover gas (e.g., gas 714) through the clamp to the bond site
area may be a continuous flow of cover gas during the entire wire bonding operation.
Alternatively, the flow may be a controlled flow (e.g., controlled using a controller
integrated with the wire bonding machine) that is provided, for example, during periods

of greatest concern regarding potential oxidation,



[0033] Fig. 5B illustrates a side cross sectional view of device clamp 500. This view illustrates cross
member 502a and exit openings 506. Exit openings 506 which lead to a corresponding bond site area
are shown extending along what may be termed the y-axis of the wire bonder; however, this
designation is a relative expression. Fig. 5B also illygtrates connectors 504 (similar to connectors 104
shown in Fig. 1). Figs. SA-513 also illustrate apertures 508/510 (e.g., mounting/alignment apertures
508/510), and Fig. 5B illustrates device clamp lip 512. [0034] Fig. 6 is a sectional view of a portion of
clamp 500 taken along line 6-6 in Fig. 5A. The sectional view of Fig. 6 is rotated 90 degrees with

respect to tH@ BRI sectiohdt GEY BEEB Biieeid essiluiirsterte sxIpRIARG 6 PRIAGHE B2 and
520c3, andcapurtidniofdersgfitischEebzaaddidlERisEramplarycapdlaryB30iseaiso simimmention[0035]

Fig. 7 is a vigw&f it eRRbeamne’ PR {anigW SITIARICEN LB MISW Ol BRI RRALR FigwDattbere
0Q illustrated in Figs. 5A-513

exemplary ¢lamp 700 defines paths far gas similar to those of clamp 5

and Fig. 6. %%ng;\saoﬂﬁurgﬁgﬁa'p%éﬂrﬁs?%g 7% i?%.ff?’?eragtﬁsra{:r%g“? ?%gr'ﬁc%rﬁamtor die 750, and wire
loop 754 provided between substrate 752 and semiconductor die 750. Wire loop 754 is formed using
capillary 7562 %L undeAIEYE R 1096 SRRARSTSHNKE SN e RRSFBHIE IR BRI FBHIStHER to
form free aidb&tling 2tonratiend of @ waefexte nbdlitsgrthvicagh sapitleeytidt| Gastubey7b8 mey, be used

to provide agastir esuca iRenatential afpsidatipausingdaenatonQf free air ball 712. A portion of
work table 762 (upon which substrate 752 rests during wire bonding) of a wire bonding machine is

iy U1 s R R N A s S S e

gas tube, work table) are illustrated in Fig. 7 in block form only (not in an installed configuration on the
wire bondirf&?ﬁtc%ﬁiﬁ?f,aéﬁ?i%rec%&%?ﬁp?ﬁ‘wﬁ%uﬁ@dﬁ&epFé\‘/i%fe@iaﬁ)isiﬁ\%ﬁFéﬁ{)’e"kﬁ’u“r“ﬁ%%@é"eonly.
Details of theivatioeswir dowhding beackinggatformesameplmdbrstoedrinathosy ekidedffedhiecyt.
[0036] Clampef0@diusiratad itfiger dledines .emt@eaemgaz?@@e(%na@am&m R%Y BRGIYAGS R06 In

Fig. 6), lengths Zl(a)ﬁmzafirﬂfdoi%ggr% gﬁ&anl{—?gﬂis © lengmz.g?}oacg g)?emptary gas is 95% notrogen

react w e prese
and 5% hydrogen); however, the cover gas system of the present invention may be
utilized to exclude air from the bond site area without the need for hydrogen in the
cover gas. This is a further advantage of the present invention because of the

difficulties of using large quantities of highly flammable hydrogen.

[0042] Thus, in contrast to conventional systems for reducing oxidation at the
bond site area, the present invention provides a simple yet robust design, with very few

additional components (and very low additional costs and associated complexities).

(00431 The teachings of the present invention may also be utilized in connection
with non-reactive bonding wire, such as gold wire. For example, the cover gas may be
utilized to provide a shield of clean gas at the bond site area, thereby providing a

desirable environment for formation of gold wire loops,

[0044] Although the present invention has been described primarily with respect
to cover gases such as nitrogen and argon (with or without a forming gas such as
hydrogen), it is not limited thereto. Any fluid/gas may be utilized so long as it does not

react undesirably with the metal used as a bonding wire.

[0045] Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown, Rather, various modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention,



510c3 in Fig. 6), and a portion of lengths 710b2 and 710b3 (analogous to lengths 510b2 and 510b3 in
Fig. 6). As illustrated in Fig. 7, gas 714 flows through opening 706 to a corresponding bond site area
to reduce the potential for oxidation in the bond site area. [0037] The gas flowing to the bond site area
may be termed a "cover gas" which tends to protect against potential oxidation of the wire (and/or wire
ends) during the wire bonding operation. For example, as a free air ball (e.g., free air ball 712 in Fig.
7) is being bonded (e.g., first bonding) to a semiconductor device (e.g., die 750) cover gas (e.g., gas
714) reduc%&hg:ojge ;[é%l g_xidation in the bond site area. The reduction in the potential of oxidation in the
bond site area app {8896 various other portions of the wire bonding cycle, for example, during the
paying out of wire, during second bonding, during formation of free air balls, during the looping
process, etc. [0038] The%‘l&ﬁe&oﬂﬁ‘{}%?ydﬁgl % y8s 714) through the clamp to the bond site area may
be a continuous flow of cover gas during the entire wire bonding operation. Alternatively, the flow may
be a controlled flow (e.g2 bwWirsNed GSIRGREEHHEBIRSE: Aftegrated with the wire bonding machine) that
is provided, for example, during periods of greatest concern regarding potential oxidation. - 11 [0039]
The drawings provided Heteiivdimstrateledtegaplaky rowrpithentw olghitcddspistrpeturesshoh directing a
cover gas terihedonnd:slia.RieRnBRWEKRLNSIPH/aNERN AFaat inied thewter dhewrresent invention
contemplatsey%tg]arious different flow paths through a clamp structure for providing cover gas to the
bond site area. TOO40] According to the present invention, special clamps may be manufactured
defining the pathways for gas flow. Alterpatively, a conventional cla e.used, and the
pathways may be driIIedt}(})gr%)tW iSE IEEP%E gr%iﬁ%(ﬁ’ﬁﬂf%ﬁéﬁ%m% r(gr%e}l%e%' iRVERTION is used in
connection#Riviaasifeifopicelset Apbais: hebariegticsspparsaldndmathirercttheouver gas is
desirably nenr-fractiver aith-theetalandmay bawesuningeforaxamplef theicevesmgassnay be an

effectively ﬁgﬁgcgﬁﬁé%g&glgg%g%% g{g,g@e@bg%%ﬁjng gas (e.g., hydrogen) may be added to

2. The wire bonding system of claim 1 wherein the body portion includes a plurality of
the inlet ports such that fluid paths are defined between each of the iniet ports and a respective

plurality of device apertures.

-~

3. The wire bonding device of claim 1 wherein the body portion includes two of the
inlet ports such that fluid paths are defined between each of the inlet ports and a respective plurality of

device apertures.

4. The wire bonding system of claim 3 wherein the body portion defines ten of the
device apertures, each of the two inlet ports being configured to provide fluid 1o five of the ten device

apertures via the fiuid paths defined by the device clamp.

5. The wire bonding system of claim 1 wherein the device clamp includes (1) a lower
surface configured to be adjacent a work table of a wire bonding machine, and (2) the upper surface

opposite the lower surface.

6. The wire bonding system of ¢laim 5 wherein the device clamp includes a plurality of

inlet ports defined in the upper surface of the device clamp.



react with any oxygen that may be present (e.g., an exemplary gas is 95% notrogen and 5%
hydrogen); however, the cover gas system of the present invention may be utilized to exclude air from
the bond site area without the need for hydrogen in the cover gas. This is a further advantage of the
present invention because of the difficulties of using large quantities of highly flammable hydrogen.
[0042] Thus, in contrast to conventional systems f%geducing oxidation at the bond site area, the
present invention provides a simple yet robust design, with very few additional components (and very
low additional costs and associated complexities). [0043] The teachings of the present invention may
also be utilized in connection with non-reactive bonding wire, such as gold wire. For example, the
cover gas may be_utilized to provide a shield of clean gas at the bond site area, thereby providing a
desirable environment folforiatioiling et ireasopy rooadpiRAstgheaid pregehtitifention has been
described privreirlpiint respect régpaove pigasessdsirasaitiegen and argon (with or without a forming
gas such as hydrogen), it is not limited thereto. Any fluid/gas may be utilized so long as it does not
react undesirably with the metabusethaskabondingmuire. [0045] Although the invention is illustrated
and described herein with reference to specific embodiments, the invention is not intended to be
limited to the details shown. Rather, various modifications may be made in the details within the scope
and range of equivalents of the claims and without departing from the invention. 12 What is Claimed:
1. A wire bonding system comprising: a bonding tool for forming wire bonds; and a device clamp
including a body portion defining a plurality of device apertures, each of the device apertures being
configured to be positioned adjacent a bond site area of the wire bonding system, the body portion
including an inlet port on an upper surface of the body portion for receiving a fluid from a gas supply
source, the body portion defining a fluid path from the inlet port to



the plurality of device apertures, the fluid path between the inlet port and each of the device apertures
being defined inside the body portion of the device clamp. 2. The wire bonding system of claim 1
wherein the body portion includes a plurality of the inlet ports such that fluid paths are defined
between each of the inlet ports and a respective plurality of device apertures. 3. The wire bonding
device of claim 1 wherein the body portion includes wo of the inlet ports such that fluid paths are
defined between each of the inlet ports and a respective plurality of device apertures. 4. The wire
bonding system of claim 3 wherein the body portion defines ten of the device apertures, each of the
two inlet ports being configured to provide fluid to five of the ten device apertures via the fluid paths
defined by the device clamp. 5. The wire bonding system of claim 1 wherein the device clamp includes
(1) a lower surface conffglitEdadafe" SUaERt RSP RHRECETs s heSOHERREPATSCRIRETGN (2) the
upper surfam@ opposite the lower surface. 6. The wire bonding system of claim 5 wherein-the device
clamp includes a plurality of inlet ports defined in the upper surface of the device clamp. 12a 7. The
wire bonding system of claince saereinfliuieh paths extens itan pagbeitaeipldealiberminlet ports to a

respective GUHAILY BLARCS AUELAIES: B ANGLRRAINGMAShING COMAIIEAG, A ANNpLk teble for

supporting devices to beﬁprocesse he wire bonding machine; and a device clamp configured to
¥

clamp the dSVEEEEPBLBrGEBSEER Hiie Wathe adinp ﬂ&eecfﬁ’f?ﬁegcgjﬁﬁﬁ’ﬁ]ﬂ?}r@fa&é\}ﬁfé"ﬁtpoé’rﬁﬂres each of
the device apertorésdding Gorfigirenditorbeipositidne donudjaeenra bond site deeiseofahe wire bonding

machine, thedevicaialasan shudingapntetRorhanasr déﬁﬁ@é&%[ﬁ%@&h@fﬂm@pﬁ%\ﬂ@t&ééﬁfﬁm for
receiving afl %%JFPJP& eagﬁéf%éo&%bic%‘%ﬁéﬁ%%@ﬁ;ﬁgema? ”&Qm ‘%fé P% Jéu'afahfrom the inlet port to
t

SYIC
the plurallty of device apertures, the fluid pa etween th let po each of the device apertures
being defined |n5|8|e the ﬂOd\XIP%”' n of th}tla dE}l e clam
. & Wire meorc

mg mac aim Sawherem the work table includes a heating

element for providing heat to the devices to be processed.

10. The wire bonding machine of claim § wherein the device clamp includes a plurality
of the iniet ports such that fluid paths are defined between each of the infet ports and a respective
plurality of device apertures.

1. The wire bonding machine of cfaim § wherein the device clamp includes two of the
inlet ports such that fluid paths are defined between each of the inlet ports and a respective plurality of

device apertures.

12. The wire bonding machine of claim 11 wherein the device clamp defines ten of the
device apertures, each of the two inlet ports being configured to provide fluid to five of the ten device

apertures via the fluid paths defined by the device clamp.

-

13. The wire bonding machine of claim 8 wherein the device clamp includes (1} a lower
surface configured to be adjacent the work table of the wire bonding machine, and (2) the upper

surface opposite the lower surface.

4. The wire bonding machine of claim 13 wherein the device clamp incindes a plurality

of inlet ports defined in the upper surface of the device clamp.

is. The wire bonding machine of claim 14 wherein fluid paths extend from each of the

plurality of inlet ports to a respective plurality of device apertures.



9. The wire banding machine of claim 8 wherein the work table includes a heating element for
providing hesit {8 e devices to be processed. 10. The wire bonding machine of claim™8 W#¥Erein the
device clamp includes a plurality of the inlet ports such that fluid paths are defined between each of
the inlet ports and a respective plurality of device gpertures. IL The wire bonding machine of claim 8
wherein the device clamp includes two of the inlet ports such that fluid paths are defined between
each of the inlet ports and a respective plurality of device apertures. 12. The wire bonding machine of
claim 1 | wherein the device clamp defines ten Of&(?STQE(\fiFe apertures, each of the two inlet ports
being configured to provide fluid to five of the ten device “apertures via the fluid paths defined by the
device clamp. 3. The wire bonding machine of claim 8 wherein the device clamp includes (1) a lower
surface configured to be Adf5¢T SRENRETRIBHESr Bl Riry BBRIMEERABHIRG, BREN(2S the upper
surface opppsitddéd |Givedsuitaciaitw. Mbedese boddingrinacieftnofockine kB wiredeindhe device

EIatrr;I P inCW@%’_éMEJ.r?ﬂH&’h @z iﬂﬂﬁta@(?é%lggﬂQ%%W@&p@dﬁa?%@ﬁf&ﬁﬁ‘i?ﬁrﬁﬂé Qfﬂ%ﬁo‘%‘i?i@%dw- The wire
onding machine of claim 14 wherein flyid paths extend from each of the, plurality of inlet ports to a
rospocive SR o SRS B Eh L HE RO R FEATHI s ABS FRACEP ALAU W By
configured ftMaiseowifRra $ERY BerRiftg hisrminars pravideduTere devdeodianystinslddBsss Body portion
defining at leart pae devicen@peeupe-Eachotiteat leastienadeayise apertures is configured to be
positioned adjacent a bond site area of the wire bonding machine. The body portion includes a inlet

port for receiving a fluid from a gas supply source. The body portion defines a fluid path from the inlet
port to the at least one device aperture.



